The stage at which grapes are harvested has an influence on the aromatic and phenolic composition of the berries and the resulting wines. The aim of this study was to evaluate wines harvested sequentially as outlined in the berry sugar accumulation model. Two vintages and treatments in which the light quality and quantity were altered at the fruit zone were compared. In 2010/2011, the grapes were harvested at two ripening stages after the sugar loading plateau was reached, namely the "fresh fruit" stage (20-25 days afterwards) and "pre-mature" stage (at approximately 35 days). In the 2011/2012 season, grapes were harvested 45 days after the sugar loading plateau was reached (the "mature fruit" stage). Vegetative aromas were synonymous with the "fresh fruit" stage in 2010/2011, while the 2011/2012 wines from the "mature fruit" harvest date were characterized by raisin, prune and spicy aromas. In both seasons, the control treatments were rated more intense in 'satin in the mouth' in and after expectoration. Wines in which the UV-B radiation was excluded during berry growth were rated the highest in the mouthfeel attribute 'coarseness' in both treatment seasons. Wines were analyzed chemically for phenolic content using HPLC, and sensorial using descriptive analysis with a trained panel. In the leaf removal treatments, higher acidity content enhanced the perception of astringency in the wine. Wines were analyzed chemically for phenolic content using HPLC and sensorial using descriptive analysis with a trained panel. Overall, the data showed that grape composition was altered by varying light quality, within a season, but seasonal variation overrode treatment effects. Flavonol concentration in 2011/2012 wine was higher in the exposed leaf removal treatment compared to the other treatments. High light intensities in 2011/2012 season increased anthocyanin concentration in the wine.. This study emphasizes the importance of the quality and quantity of light on the composition and quality of wines, and presents new findings regarding sensory attributes associated with harvesting at different ripening stages.
INTRODUCTION
Grape ripening is multi-faceted as it includes numerous physical and biochemical modifications (Jackson & Lombard, 1993; Le Moigne et al., 2008; Dai et al., 2010; Deloire, 2013) . Numerous classes of primary (sugars and organic acids) and secondary metabolites (phenolics) as well as hormones and aromatic precursors are synthesised prior and post-véraison while others are provided by the roots and leaves (Ollat & Gaudillère, 1996; Deloire, 2013) . The concentration and content of the primary and secondary metabolites change during grape berry ripening stages, which are controlled by independent regulated synthesis pathways that are affected by genotype, environmental factors as well as viticultural practices (Jackson & Lombard, 1993; Le Moigne et al., 2008; Dai et al., 2010; Šuklje et al., 2016; Chou et al., 2018) .
Optimal berry ripeness depends on the wine style goal. The sensory characteristics of the finished wine, and thus the quality, are strongly dependent on the perception of the primary and secondary metabolites and the alcohol level. Numerous studies have been conducted on the relationship between berry composition and wine phenolic composition. No clear relationship has been found between the content of phenolic compounds in grapes at harvest and the content found in finished wine (Garcia-Beneytez et al. 2002; Habertson et al. 2002; Hazak et al. 2005; Koundouras et al. 2006) . The polyphenol content in wine can be ascribed to factors involved in the extraction of phenolics such as grapeskin thickness, fermentation temperature and alcohol content. Preys et al. (2006) suggested that there are relationships between sensory properties and polyphenolic composition in the final wine. Relationships have also been reported between berry composition and sensory attributes which can be attributed to the applied treatment, vineyard attributes and seasonal variation (Somers & Evans, 1974; Ough & Nagaoka, 1984; Bravdo et al. 1985; Hunter et al. 1991 . More recently, Bindon et al. (2013) and Bindon et al. (2014) ascribed significant changes in wine matrix chemistry to grape maturity and yeast metabolism, which had a direct impact on the sensory attributes of Cabernet Sauvignon.
Consequently, it would be valuable to be able to predict the future wine style in relation to harvest time (Deloire, 2013) . Various ripening tools have been developed to determine berry maturity objectively and accurately at harvest. Berry maturity indices include (i) total soluble solids (TSS), (ii) titratable acidity (TA), (iii) pH and (iv) combinations thereof (maturity indexes) (Amerine & Winkler, 1941; Du Plessis & Van Rooyen, 1982; Van Rooyen, 1984; Boulton et al., 1996; Iland et al., 2000; Ribéreau-Gayon et al., 2006; Botes, 2009 ). Kourakou (1974) , Carbonneau et al. (1998) and Schneider et al. (2002) identified three types of grape maturity levels: (i) technological maturity, which corresponds to maximum sugar accumulation/concentration and low acidity (ii) phenolic maturity, defined as the concentrations of phenolics in the skins and seeds and (iii) aromatic maturity, associated with the decrease in vegetal notes and the evolution of wine volatile profile. Deloire (2011) defined sugar loading as the evolution of the sugar quantity (mg/berry) from véraison onward. The evolution of sugar accumulation per berry gives an indication of the ripening time and could be used as a physiological indicator in direct relation with the potential wine styles. Three sugar loading profiles are distinguished: continual and rapid loading, slow sugar loading (inhibition of ripening) and sugar loading presenting a plateau phase. Depending on whether the grapes are picked in the early, mid or late stages of the plateau phase, the wine will be characterized as "fresh fruit", 'neutral-spicy' or 'pre-mature' and "mature fruit" (Deloire, 2011) . The aroma potential in the grapes can be attributed to the evolution of volatile precursors during berry development, which are dependent on enzyme activity and specificity. An in-depth understanding of secondary metabolites during berry development may provide predictive information between the grape and wine aroma (Kalua & Boss, 2009 ). These aromatic stages require sensory analysis to verify which sensory attributes associate with the respective stages. In terms of aromatic contribution to wine aroma, Swiegers and Pretorius (2007) and Garde-Cerdán et al., (2008) suggested that the volatile compounds derived from sugar and amino acid metabolism by yeast are the higher alcohols, esters, carbonyl compounds, volatile fatty acids, and sulphur compounds. Cabernet Sauvignon grapes often have a characteristic aroma described as 'vegetative', 'herbaceous', 'grassy' or 'green' (Lacey et al., 1991) .
Polyphenols are very important in the colour and flavor of red wines. The two best-known groups of phenols are the condensed tannins (also called proanthocyanidins), and the anthocyanins, which are responsible for the red colour in red grapes and wine. A number of factors have been identified that can influence polyphenol accumulation and composition in grapes. This includes abiotic factors such as light (Flint et al., 1985; Crippen and Morrison, 1986; Gao and Cahoon 1994; Price et al., 1995; Dokoozlian and Kliewer, 1996; Haselgrove et al., 2000; Bergqvist et al. 2001; Jordão et al., 2001; Kolb et al., 2003; Cortell and Kennedy 2006; Downey et al., 2006; Ristic et al., 2007; Koyama and Goto-Yamamoto 2008; Berli et al., 2011; Gregan et al., 2012) , temperature (Spayd et al., 2002; Mori et al., 2005; Mori et al., 2007; Azuma et al., 2012; Cohen et al., 2012; Yamane et al., 2006) and water status (Ojeda et al., 2002; Kennedy et al., 2002; Romero et al., 2013) as well as cultivar (Ricardo-da-Silva et al., 1992a; Ricardo-da-Silva et al., 1992b; Ryan and Revilla 2003; Downey et al., 2004 ), crop level (Peña-Neira, et al., 2007 Bindon et al., 2008) , nutritional status (Delgado et al., 2004) , soil type (Li et al., 2011) and plant growth regulators (Lacampagne et al., 2009) .
Following harvest, the rate of phenolic extraction into the wine is dependent on: (i) ripeness of the fruit (Canals et al., 2005) , (ii) berry size (Walker et al., 2005) , (iii) the concentration in the grapes (Ozmianski et al., 1986) , (iv) temperature (Koyama et al., 2007) , (v) sulphur dioxide (Bakker et al., 1993) , (vi) extraction or winemaking techniques (Nel et al., 2014) , (vii) ethanol content (Canals et al., 2005) ; (viii) as well as the ageing conditions (Fang et al., 2008) . Astringency and bitterness, which are largely dependent on wine phenol composition, are altered by grape maturity at harvest, winemaking techniques and wine ageing. Condensed tannins are mainly responsible for bitterness and astringency as well as colour development due to the role it plays in wine ageing processes such as polymerisation reactions with anthocyanins to form polymeric pigments (Ricardo-da-Silva et al., 1991) . Wine colour is affected by the level and composition of anthocyanins, tannins and flavonols extracted during vinification (Baranowski & Nagel 1983; Bakker et al. 1993; Picinelli et al. 1994; Dallas et al., 1996; Cheynier et al., 2000; Romero & Bakker 2000; Eglinton et al., 2004; Ristic et al., 2007) . Flavonols form copigments with anthocyanins and protect the flavylium cation against the nucleophilic attack of water, peroxide, and sulfur dioxide bleaching and pH changes (Gordillo et al., 2015) .
Astringency is a tactile sensation in which drying, puckering and roughing are the result of increased friction between the tongue and the surfaces inside the mouth (Lea & Arnold, 1978; Robichaud & Noble, 1990) . Recently, Ferrer-Gallego et al. (2014) reported that astringent perceptions are modulated by an increase in the volatile compounds. Bitterness is a taste sensation perceived by each of the several thousand sensors on the tongue (Katsnelson, 2015) . Gonzalo-Diago et al. (2014) found that bitterness was highly correlated with in-mouth persistence. As previously stated, flavan-3-ols or their oligomers (referred to as proanthocyanidins) contribute to bitterness and astringency. The low molecular weight flavan-3-ols exhibit more bitterness then astringency, however as the flavan-3-ols increase in size, astringency increases faster than bitterness (Robichaud & Noble, 1990; Kennedy et al.,2006; Ren et al., 2017) . Thus, the low molecular weight flavan-3-ols, which are associated more with grape seeds, have a lower astringency to bitterness ratio then the high molecular weight flavan-3-ols of grape skins.
In view of the previous work outlined above, the aim of this study was to evaluate wines produced from grapes that were harvested at different ripeness levels using berry sugar accumulation as a physiological indicator. Sequential harvest dates for the STD treatment in 2010/2011 were used to understand the possible effect of the evolution of fruit ripening on the wine matrix and sensory properties. The potential effect of the phenolic composition and volatile compounds on the wine sensory attributes was studied in the 2011/2012 season. The results presented are preliminary, and several subsequent seasons and more detailed chemical analyses are needed to link fruit and wine chemical composition and wine sensory profile of grapes harvested sequentially. This work is part of a larger study in which the evolution of the grape seed, skin tannin, flavonols and anthocyanins were investigated under altered light and temperature conditions in Cabernet Sauvignon (Vitis vinifera L.) (Blancquaert, 2015) .
MATERIALS AND METHODS

Vineyard characteristics
The study was conducted during the growing seasons of 2010/2011 and 2011/2012 in a Stellenbosch University vineyard (GPS Coordinates: 33°56' 42" S 18°27' 43" E). The vineyard consists of Vitis vinifera L. cv. Cabernet Sauvignon clone CS 388C, grafted onto 101-14 Mgt (Vitis riparia X Vitis rupestris). The row orientation was northwest/south-east. The vines are trained on a six-wire vertical trellis system. The block was subjected to irrigation during critical phenological stages (e.g. fruit-set and véraison) and as required throughout the season to give a predawn leaf water potential between 0 and -0.3 MPa (Deloire & Heyns, 2011) .
Treatments
The study comprised two main treatments with altered bunch microclimates in both seasons: no lateral shoot or leaf removal in the bunch zone (STD) and leaf removal in the bunch zone (LRW) ( Table 1 ). In the LRW treatment, leaves were removed just after flowering corresponding to growth stage 19 (Eichorn and Lorenz system) on the western side of the canopy at the fruiting zone level (± 35-40 cm above the cordon) (Coombe, 1995) .
Furthermore, to assess the effect of change in light quality on fruit growth and composition, supplementary treatments were applied. A UV sheet, reducing the UV-B radiation ('Perspex' ® Opal 050, Perspex South Africa Pty Ltd, Umbogintwini) was added to the Control/STD (STD-UV-B) and Leaf Removal West (LRW-UV-B) treatment in 2010/2011. During the 2011/2012 season, the UV-B suppression sheets were installed on both sides of the canopy to exclude the effect that the row direction can have on grape development as in the 2010/2011 season. Additional to the 'Perspex' ® Opal 050 sheets, a clear acrylic UV-sheet (UHI) was used during the 2011/2012 season. The latter resulted in the following treatments: LR (-UV-B, 2xOp50) and LR (-UV-B, 2xUHI) ( Table 1) . These sheets were installed just after flowering at ±35 cm above the cordon and suspended on 1.2 m custom-made poles, with hinges to open for sampling and spraying. The treatments were applied in a randomised block design. Each treatment was carried out in five replicates and each replicate comprised three panels (six vines between poles). Therefore, each of the four treatments in each season comprised five replicates and each replicate consisted of 18 vines.
Sampling procedure
Sampling occurred at regular intervals throughout the season. Sampling was conducted between 06:00 and 08:00 at each sampling date from after fruit-set until harvest: 13-116 days after anthesis (DAA) during the 2010/2011 season; 26-130 DAA in the 2011/2012 season. Sampling corresponded 
LR-UV-B, 2xUHI
Leaf removal both sides of the canopy (in the bunch zone) with decreased UV-B radiation: UV-sheet (UHI) extruded clear acrylic sheeting used on both sides of the bunch zone with the Eichorn and Lorenz (E-L) system (Coombe, 1995) and started at stage 29 (pea size) until stage 38 (harvest) for phenolic analyses.
Harvesting
Sequential harvest dates were predicted using the berry sugar loading model (Deloire 2011 (Deloire & 2013 . Grapes were harvested during the 2010/2011 season at the following times: (i) "fresh fruit" period for all four treatments (20-25 days after the sugar loading plateau was reached) on the 28 th of February 2011; and (ii) 'pre-mature' period (± 35 days after the sugar loading plateau was reached) on the 20 th of March 2011. For the latter, only the STD treatment was harvested. The STD treatment at the 'pre-mature' period was investigated in order to confirm whether 'neutral' wine aromas develop from wines made at this harvest stage using berry sugar accumulation as a physiological indicator (Deloire, 2011) . The study aimed to assess the potential aromatic profile of the wine made from grapes harvested at the 'pre-mature' stage, which according to the model, should deliver a 'neutral' or 'pre-mature' wine style. The grapes of all the treatments in 2011/2012 season were harvested at the "mature fruit" period (45 days after the sugar loading plateau was reached) on the 26 th of March 2012.
Small-scale winemaking
Standard winemaking procedures at the experimental cellar of the Department of Viticulture and Oenology, Stellenbosch University were followed. Four wines were made from the "fresh fruit" stage in duplicate. Additionally, the control (STD) was vinified at the 'pre-mature' stage in the 2010/2011 season. In the 2011/2012 season, four wines were made in duplicate from the grapes harvested at the "mature fruit" stage. In both seasons the grapes were crushed and destemmed into 20L plastic drums and 30 mg/L SO 2 was added. Juice samples for pH, titratable acidity, and °B were taken before the SO 2 addition. The crushed grapes were inoculated with 30 g/hL Saccharomyces cerevisiae (Lalvin ICV-D21®, Lallemand) and 30 g/hL Go Ferm Protect (Lallemand) in the rehydration water in 2010/2011 and 2011/2012, respectively. Co-inoculation with 0.01 g/L Oenococcus oeni (Enoferm ® Alpha, Lallemand) was carried out 24 hours after the yeast inoculation in order to start the malolactic fermentation. Fermentation took place at 25 °C and punch downs were done three times a day. The rate of fermentation was measured daily with a hydrometer. After 5 °B sugar was fermented 0.25 g/L Fermaid K (Lallemand) was added. The fermentation took about 5 days after which the skins were pressed at 1 bar when the wines were deemed dry (-1 °B) and moved to 20 °C in order to finish the malolactic fermentation. Once the malolactic fermentation was completed (malic and lactic acids determined enzymatically by the Central Analytical Facility, Stellenbosch University, South Africa), the wines were racked off the lees and 50 mg/L SO 2 was added. The wines underwent cold stabilisation for 3 weeks at -4 °C before adjusting the free SO 2 to 40 mg/L. The wines were then bottled in 750 mL dark green glass bottles, sealed with screw caps and stored at 15°C after bottling. Sensory analyses were performed six months after bottling.
Chemical analysis
The determination of the classical parameters (TSS, pH and TA) entailed the sampling of thirty berries from each of the five treatment replicates (30x5=150) in the middle of the bunch. The hundred and fifty berries from each treatment were divided into three sub-samples of 50 berries each and processed immediately after sampling for TSS, pH and titratable acidity. The berries were crushed and the grape juice centrifuged. TSS were measured using an ATAGO PAL-1 pocket refractometer (Tokyo, Japan). The pH and TA were measured using an automatic titrator (Metrohm, 702 SM Titrino, Herisau, Switzerland). The fresh berries were weighed.
Compounds were quantified using external calibration curves were set up for malvidin-3-glucoside ( Extrasynthese, Genay Cedex, France), as well as caffeic acid, p-coumaric acid, (+)-catechin, (-)-epicatechin, (-)-epicatechin-3-Ogallate, gallic acid and 2,6-dimethyl-hepten-2-ol (all from Sigma-Aldrich St. Louis, MO, U.S.A.). (+)-Catechin, (-)-epicatechin, (-)-epicatechin-3-O-gallate were quantified at 280 nm. All anthocyanins and other pigments were quantified at 520 nm as malvidin-3-glucoside units, whereas proanthocyanidins and polymeric phenols were quantified at 280 nm as (+)-catechin equivalents. Phloroglucinol and sodium acetate was obtained from Sigma-Aldrich (Johannesburg, South Africa) for the acid catalyses in the presence of excess phloroglucinol.
Isolation, purification and characterization of proanthocyanidins/tannins
The proanthocyandins/tannins were characterised and quantified in the 2011/2012 wines. Proanthocyanidins/tannins were isolated in triplicate from different wine treatments using Toyopearl® HW-40 (Tosoh Bioscience, Stuttgart, Germany) size exclusion columns (60 mm x 14.5 mm) as described previously Oberholster et al. (2013) . In short, dimers and smaller phenolics were washed off the column after loading of the wine (2 mL) with ethanol/water (55/45) containing 0.05 % trifluoroacetic acid (TFA). Larger proanthocyanidins/tannin were eluted with 30 mL of acetone/ water (60/40) containing 0.05 % TFA which was collected and concentrated under reduced pressure at 35°C to remove excess solvent.
The phloroglucinolysis protocol described by Oberholster et al. (2013) was implemented and the proanthocyanidin cleavage products were analysed by HPLC using an Agilent® Poroshell 120 SB-C18 column (4.6 x 150mm, 2.8 µm particle) on an Agilent® Infinity series The proanthocyanidin cleavage products were quantified by means of their response factor relative to catechin, which was used as the quantitative standard (Kennedy & Jones, 2001) . All samples were analysed in duplicate. The LOQ and LOD determined for (+)-catechin (Sigma Chemicals, St. Louis, MO) were, respectively, 0.0244 nmol and 0.0087 nmol where LOQ was defined as the minimum injected amount that gives a peak height seven times higher than baseline noise. LOD was defined as as the lowest concentration of an analyte in a sample that results in a peak with a height three times as high as the baseline noise level.
Descriptive analysis (DA)
The wines were evaluated 6 months after bottling by a panel of ten female judges (28-65 years old) for the 2010/2011 season during four replicate sessions, as outlined by Lawless & Heymann (2010) . The 2011/2012 wines were evaluated by a panel of nine female judges (29-65 years old) during six replicate sessions. Prior to testing the panel members underwent training and assessment of panel performance in six two-hour sessions in both seasons. The first training session-involved standardisation (consensus) of the panellists on the aroma standards provided in 2011 and 2012 as well as touch standards using different materials ( Table 2) .
The mouthfeel properties of the wines were aligned with touch standards using the mouthfeel wheel (Gawel et al., 2000) . The samples were evaluated for an array of aroma attributes, as well as taste and mouthfeel attributes, before and after expectoration using 100-point unstructured line scales. Wine samples were served in standard ISO wine tasting glasses, with each glass containing 30 mL of wine. Each sample was coded with a 3-digit random code and served in a complete randomised order (Lawless & Heymann, 2010) . Panellists performed the analysis in individual booths, with each booth being fitted with a data collecting system (Compusense® five, Version 5.2, Compusense Inc., Guelph, Ontario, Canada). The testing area was light-and temperature-controlled (20 ±1 °C).
Statistical analysis
A univariate analysis of variance (ANOVA) was performed on the sensory data using the GLM (General Linear Model) Procedure of SAS software (Version 9.2; SAS Institute Inc., Cary, USA). Sensory data were pre-processed and subjected to a test-retest analysis of variance (ANOVA) using SAS. The latter was performed to test for panel reliability. The Shapiro-Wilk test was performed to test for normality (Shapiro & Wilk, 1965) . Students' t-test least significant difference was calculated at the 5 % level to compare treatment means (Ott, 1998) . A probability level of p≤0.05 was considered significant for all the significance tests. Data were also subjected to multivariate methods of analysis, such as the principal component analysis (PCA) (XLStat, Version 2011, Addinsoft, New York, USA), to visualise and then interpret the relationships between the samples and their attributes.
RESULTS AND DISCUSSION
Berry composition
At harvest total soluble solids (TSS), pH and titratable acidity (TA) were determined for grapes from each of the treatments in both seasons (Table 3 ).
In the 2010/2011 season, the TSS varied significantly (p≤0.01) at harvest among the treatments (Table 3) , with the STD treatment showing significantly lower TSS (p≤ 0.01) compared to the other three treatments in 2010/2011 Significance *** *** *** *** *** Each value represents the mean of 3 replicates. Means in columns followed by different letters are significantly different within one season. Significance (*, ** and *** indicate significance at p≤0.05, 0.01, 0.001, respectively). (Table 3 ). An increase in a similar low TSS in the STD-UV-B treatments was not observed despite the similar, low measured light intensities when compared with the STD treatment (Table 4 ). Spayd et al. (2002) , Joscelyne et al. (2007) and Ristic et al. (2007) reported a delay in ripening due to shading which was caused by a greater proportion of leaves in the grapevine canopy. However, Haselgrove and coworkers (2000) found no difference in TSS of shaded or exposed treatments. The thermal time (DD) ( Table 5 ) was the lowest in the STD treatment, but STD-UV-B had similar DD to the other treatments suggesting an interactive effect of temperature and light. When comparing the premature harvest data with the "fresh fruit" harvest data for the STD treatment, there was an increase in TSS and a simultaneous decrease in TA as expected, but the pH remained the same between the two harvest dates.
In the 2011/2012 season the TSS at harvest was significantly higher (p≤0.001) in the STD treatment compared to the other treatments although all values were within 1.3 Brix of each other. pH were significantly lower (p≤0.001) in the STD, LRW and LR (-UV-B, 2xOp50) treatments compared to LR (-UV-B, 2xUHI) in 2011/2012 (Table 5) . Additionally, a significant lower TA (p≤0.001) was observed in the LR (-UV-B, 2xUHI) treatment when compared to the other three treatments (Table 5 ).
This can be ascribed to the higher exposure level and the absence of leaves which degrade the acid in the berry (Table 3) . Rojas-Lara & Morrison (1989) , Morrison & Noble (1990) and Downey et al. (2006) reported differences in pH and TA in response to light and temperature as shaded fruit had higher pH and potassium levels. From our results, there was no clear relation between the grape classical parameters and the impact of treatment on light and temperature parameters indicating that differences were rather driven by seasonal influences.
Wine composition 2011/2012
The wine chemical composition of the 2011/2012 wines differed significantly between the treatments (Table 6 ). Wines made from LRW and LR (-UV-B, 2xUHI) treatments had the highest % alcohol while the LR (-UV-B, 2xOp50) contained significantly less, alcohol. Wine pH from the STD and LRW treatments were significantly higher compared to the LR (-UV-B, 2xOp50) and LR (-UV-B, 2xUHI) treatments. TA values differed significantly among the wines with LR (-UV-B, 2xUHI) treatment having the highest value (Table 6 ). There was no clear relationship between the grape and wine chemical parameters.
The proanthocyanidin composition of the wine tannins was determined by phloroglucinolysis. (+)-Catechin was the predominant terminal unit in the wine in each of the treatments (Table 7) . This corresponds with the findings of Fernández et al. (2007) who reported similar (+)-catechin proportions in different Carménère and Cabernet Sauvignon wines. There were small although significant differences in the tannin composition of the different wine treatments (Table 7) . (-)-Epicatechin was the predominant extension subunit as found by other authors (Fernández et al. 2007 ). Most notably the higher percentage prodelphinidins (% P) in LR (-UV-B, 2xOp50) indicates larger contribution from skin tannin. Light exposure is known to increase skin tannin concentration (Price et al., 1995; Cortell & Kennedy, 2006; Ristic et al. 2007; Blancquaert, 2015) but only a small impact of light was found in this study. The treatments with the highest % light intensity, LR (-UV-B, 2xUHI) and LRW (Table 4 ) did not have higher % P compared to the other more shaded treatments. Although the tannin concentration was significantly higher in the LRW treatment, the STD was not significantly different from LR (-UV-B, 2xOp50 ). The high tannin concentration observed in the wines may possibly be ascribed to tannin compositional changes as the wine had ten months of bottle aging before analysis.. This result corresponds with the findings of Cosme et al. (2009) who also noted increases in tannin concentrations after six months of storage.
Wine flavonol concentration was higher in the LRW treatment (9.1 mg/L) compared to STD, LR (-UV-B, 2xOp50) and LR (-UV-B, 2xUHI) treatments (7.0, 3.56 and 3.99 mg/L), respectively. This corresponds to previous findings on flavonol concentration and content in grapes, as discussed by Blancquaert (2015) where higher flavonol concentration were observed in the LRW treatment throughout berry development. The anthocyanin concentration was the highest in the most exposed treatments: LRW and LR (-UV-B, 2xUHI) (173.9 and 139.9 mg/L, respectively) while wines made from the shaded treatments LR (-UV-B, 2xOp50) and STD wines were lower at 92.5 and 124.4 mg/L, respectively. These results compare favourably with the findings of Cortell & Kennedy (2006) and Song et al. (2015) who also noted high anthocyanin concentrations, wine colour density, total pigments and total phenolic and tannin in wine made from bunches exposed to sunlight.
Sensory profile of the wines
The sensory profile of a wine is greatly influenced by the primary and secondary metabolites of the berries at harvest as well as the techniques used during vinification. In this study the accumulation of grape flavan-3-ol monomers, dimers, total tannin, flavonols and anthocyanins as well as the compositional changes of the seed and skin tannin and anthocyanins was investigated. Overall, the data showed that grape composition was altered by the light quality/quantity within a particular season. Table 8 lists the wine attributes evaluated in the wines made in the 2010/2011 season. The wines made from the different treatments differed significantly for 11 of the 22 sensory attributes. These included the aromas 'vegetative green' (p≤0.001) and 'green plum' (p≤0.001) and the in mouth palate attributes: 'acidity' (p≤0.001), 'fullness' (p≤0.001), 'drying' (p≤0.05), 'satin' (p≤0.05) and 'coarse emery' (p≤0.05). there were also significant differences between the treatments in the attributes experienced after expectoration, including 'drying' (p≤0.001), 'adhesive' (p≤0.001), 'hotness' (p≤0.001) and 'fruit flavour persistence' (p≤0.001) (Table 8) .
Wines made from STD and STD-UV-B treatment grapes scored significantly more for the aroma attribute green plum (Table 8 ). High levels of green plum can be ascribed to the low light intensities through natural shading (STD) and the addition of the UV-B sheets (STD-UV-B) ( Table 3) . This corresponds to the findings of Heymann & Noble (1987) Morrison & Noble (1990) who reported an increase in the 3-isobutyl-2-methoxypyrazine (IBMP) ('vegetative', 'herbaceous' and 'grassy') concentration as a result of increased canopy density and bunch shading. The LRW treatment was rated high in 'vegetative green' character.
Wines made from the "fresh fruit" stage of the sequential harvest model did not seem to be influenced by the applied treatment, but were described as "fresh fruit", 'green plant' like aromas and 'unripe plum' (Table 8) . This corresponds to the findings of Nell (2015) in Merlot noir and Cabernet Sauvignon harvested at the "fresh fruit" stage. Treatments seemed to have most effect on intensity of attributes rather than the range used to describe the wines. For example, when the STD wine from the "fresh fruit" stage and that of the 'pre-mature' stage were compared it was evident that the latter wine had significantly less intense 'green plum' aromas and more intense 'blackberry' aromas (Table 8) .
When mouthfeel attributes were compared, wines made from the STD treatment grapes were rated significantly higher levels of 'satin in the mouth' compared to the other treatment wines (Table 8) . This finding coincides with that of Ristic et al. (2007) who found wines made from shaded berries to be less coarse and grainy. After expectoration, 'drying' and 'adhesive' was rated most intense for the STD-UV-B treatment, indicating a higher perception of astringency. Numerous authors attribute the increase in perception of astringency to greater concentration of tannins, polymerised phenols and the variation in tannin structures (Vidal et al., 2003; Kennedy et al., 2006 , Mercurio & Smith 2008 Oberholster et al., 2009) . From the grape composition in a previous study (Blancquaert, 2015) the STD-UV-B treatment did not have significantly higher concentration or content of tannins at harvest. This may be due to extraction of tannins from berry cell wall material during winemaking which results in the berries and the resulting wine having different phenolic compositions (Adams & Scholz, 2007; Holt et al., 2008) . Furthermore, wine made from the STD treatment grapes harvested at the 'pre-mature' stage were rated as being less 'adhesive' after expectoration compared to the STD treatment from the "fresh fruit" stage which indicates a decrease in astringency. Thus the STD wine made from the 'pre-mature fruit' had less green character and decreased astringency compared to the STD wine from the "fresh fruit" stage. As wines from the 2010/2011 vintage were not analysed chemically, it is not possible to confirm and/or relate the sensory differences to changes in the wine composition.
Wines made from the 2011/2012 season differed significantly among treatments in both aroma and mouthfeel attributes for 20 of the 27 attributes investigated (Table 9 ).
These include the aromas 'prune' (p≤0.001), 'raisin' (p≤0.001), 'spice' (p≤0.001), 'earthy' (p≤0.05) and 'cooked vegetable' (p≤0.001). On the palate, 'acidity' (p≤0.001), 'satin' (p≤0.05), 'silk' (p≤0.05), 'coarse emery' (p≤0.001), 'drying' (p≤0.001) 'hotness' (p≤0.001) and 'puckery' (p≤0.001) were significantly affected. After expectoration, 'acidity' (p≤0.05), 'satin' (p≤0.05), 'silk' (p≤0.05), 'coarse/ emery' (p≤0.001), 'drying' (p≤0.001), 'hotness (% alc. burn)' (p≤0.001), 'puckery' (p≤0.05), 'adhesive' (p≤0.001) and 'astringent persistence' (p≤0.001) were significantly different among wine treatments (Table 10 ).
The aroma attributes that were perceived by the panel may be associated with 'over-matured fruit' indicating a longer hanging time, which corresponds with the sequential harvest model of Deloire (2011) . The 'over-matured fruit' and 'spicy' aroma attributes found in this study correspond with the findings of Nell (2015) in Merlot noir and Cabernet Sauvignon. The LR (-UV-B, 2xUHI) wine scored higher for 'prune' (p≤0.001), 'raisin' (p≤0.001), 'spice' (p≤0.001) and 'cooked vegetative / green' (p≤0.05) attributes when compared to the other treatments (Table 9 ). The latter result can be ascribed to the grapes from this treatment being exposed to higher % light in the visible spectrum (380-780nm). The LR (-UV-B, 2xUHI) treatment had a shading coefficient of 1.0, thermal time of 729.7 and a maximum mean temperature of 39.6°C (Table 4 ).
In general, the wine from treatment LR (-UV-B, 2xUHI) was rated significantly higher than the other three treatments in most of the palate and 'after expectoration' attributes (Table 9 ). Gawel et al. (2007) suggested that an increase in 'puckery' sensation was characterised by low anthocyanin levels, high acidity and high pigmented polymer and tannin concentrations. Although wine treatment LR (-UV-B, 2xUHI) was rated more intense than the other treatments in all of the astringency related attributes except for 'satin', the wine analyses did not support this finding. Tannin analyses (Table 7) indicated that there were no significant differences between treatment LR (-UV-B, 2xUHI) and treatments LRW and LR (-UV-B, 2xOp50) in tannin concentration and mDP values. Phenolic profile results from HPLC analysis supported this. There were differences in anthocyanin (7.0, 9.0, 3.9 and 3.5 mg/L) and flavonol content (124.4, 173.9, 139 .9 and 92.5 mg/L) for STD, LRW, LR (-UV-B, 2xOp50) and LR (-UV-B, 2xUHI), respectively.
The perception of astringency in wines can be influenced by other parameters such as pH, acidity, ethanol concentration and polysaccharides Bajec & Pickering, 2008; Ma et al., 2014) . From the results in this study (Table 6) , the LR (-UV-B, 2xUHI) treatment had significantly higher (p≤0.001) 'acidity', which could enhance the astringency perception of the phenolic compounds.
Multivariate associations of sensory attributes and treatments
Principle component analysis (PCA) was performed on all the aroma and mouthfeel properties for wines from both seasons in an attempt to discriminate among the treatments and the perceived attributes. Cumulatively, PC1 and PC2 explained 80.08 % in 2010/2011 and 92.23 % in 2011/2012 season (Fig. 1 a & b) of the variance.
In the 2010/2011 season, the LRW and STD-UV-B treatments associate with most of the mouthfeel attributes, whereas STD, LRW-UV-B and STD_'pre-mature' associated with three of the aroma attributes i.e 'raspberry', 'cooked green' and 'black currant' as well as the mouthfeel attributes 'satin after expectoration' and 'hotness_alcohol' (Fig.1) . Differences were driven by higher scores in 'blackcurrant' aroma, 'alcohol hotness' and 'satin mouthfeel' for wines from treatments STD and LRW-UV-B in addition to lower scores in mouthfeel terms 'drying', 'puckery' and 'adhesive'. STD 'pre-mature' separated from STD fresh due to mainly an increase in 'raspberry' aroma and a decrease in 'green plum'. These results agree with the findings of Archer & Strauss (1990) , Morrison & Noble (1990) and Price et al. (1995) , who reported that wine made from grapes grown in shaded conditions were characterised as 'green' or 'grassy' with limited differences in composition, but wines from exposed treatments were rated higher in overall quality due to the intensity of the aromas and darker colour. The treatments in this study did not follow any specific trend except for descriptors corresponding with the sequential harvest model (Deloire, 2011) .
In the 2011/2012 season, separation of the wine treatments was due to much higher scores for most aroma and palate attributes for the LR (-UV-B, 2xUHI) treatment compared with the other treatments, with the exception of the 'fresh vegetative/ green' and 'satin attributes'. There was thus a clear separation of wines in the 2011/2012 according to light exposure (72, 278.9, 98.4 and 424.4 μE.m -2 .s -1 for STD, LRW, LR (-UV-B, 2xOp50) and LR (-UV-B, 2xUHI) respectively) based on sensory attributes. According to the 2011/2012 results (Fig. 1b) , it is clear that a limited number of sensory attributes on the negative side of the PCA bi-plot, i.e 'strawberry' and 'fresh vegetative aromas and satin (in and after expectoration) can be ascribed to the light quantity and not quality as the LR (-UV-B, 2xOp50) was closely related to the LRW and STD treatment. The LR (-UV-B, 2xUHI) treatment was associated with the majority if the sensory attributes, especially the mouthfeel attributes (Fig. 1b) . It is clear that the development of aroma and mouthfeel properties is dependent on light exposure as the LR (-UV-B, 2xUHI) were characterised by high visible light exposure. However, in the 2010/2011 season similar differences in light intensity (175.3, 517.7, 115.3, 260 .2 μE.m -2 .s -1 for STD, LRW, STD-UV-B and LRW-UV-B, respectively) did not result in clear separation of the treatments. The impact of the season can however been seen if the light intensities for the STD treatment in both seasons are compared. In this study, it appears that seasonal variation had a larger impact than treatments on wine sensory attributes. However, the grapes were not harvested at the same stages in the different seasons, making conclusions more difficult. When comparing the two seasons ( Fig. 1) , the aroma attributes perceived in both seasons were found to be significantly different in the assessed wines. The aroma attributes in the wines corresponded to the descriptors associated with stages in the berry sugar accumulation model described by Deloire (2011) .
CONCLUSIONS
Wines were made from different grape treatments harvested at different maturity levels using the berry sugar accumulation model (Deloire, 2011) in two consecutive seasons. Descriptive analysis was used to characterise differences in the perceived aroma and mouthfeel attributes of the wines made with grapes at the different maturity stages of sequential harvesting. In both seasons berry composition was influenced significantly by the prevailing light and temperature conditions within the season. Descriptors for wines corresponded with those predicted by sequential harvest using the berry sugar accumulation model, as wines made from berries harvested during the "fresh fruit" stage UV-sheets added on both sides of the bunch zone harvest at the mature fruit stage.
were classified as 'fresh', 'green' in 2010/2011, and wines made from the 'mature' stage were associated with 'prune' and 'raisin' attributes in 2011/2012. Wines from the STD treatment were consistently rated as having higher 'satin' properties in and after expectoration. Sequential harvesting is an interesting way to explore the evolution of grape ripening and the aromas and mouthfeel attributes in the associated wines in a consumer-driven wine world. Ideally, the study should be conducted over additional seasons with the same treatments to investigate the impact of light intensity on grape ripening. Aspects of this work that should be further investigated include associating wine composition with specific mouthfeel attributes, and determining matrix effects on mouthfeel. Additionally, grapes from the respective treatments should be harvested across each ripeness levels in different seasons, to determine whether ripeness (i.e harvest time) has more of a sensory impact than light quantity and quality.
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